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© Color display control apparatus for controlling display gray scale of each scanning frame or each 
plurality of dots. 



in 

CM 



CL 
LU 



® According to this Invention, a panel controller 
(67) converts dispiay data having 64 gray scale 
levels for a color CRT output from an RAMDAC (71) 
into display data having 57 gray scale levels to 
perform display driving of a color LCD. The panel 
display controller (67) has a function of generating 7 
intermediate pseudo gray scales between the base 
frames of R, G, and B signals by a frame rate 
control method in the color LCD having 8 base gray 
scale levels of each of the R, Q, and B signals to 



generate (180 K colors) display data having 57 gray 
scale levels and a function of generating 3 intermedi- 
ate pseudo gray scales between the base gray 
scales of the signals by a dither method to generate 
(24K colors) display data having 39 gray scale lev- 
els. The selection of the frame rate controf or the 
dither method and the selection of the 512-coior, 
180-K-color, or 24-K-color display are arbitrarily per- 
formed, or these selection operations are automati- 
cally performed in accordance with a display mode. 
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The present invention relates to a color liquid 
crystal display control system suitable for a laptop 
computer having a color liquid crystal display. 

As a conventional display monitor of a laptop 
computer, a flat-panel display such as a liquid 
crystal display (LCD) is used. A color CRT monitor 
can be connected to a laptop computer as an 
option. An arrangement of a color liquid crystal 
display control system in a laptop computer which 
has a color LCD as standard equipment and to 
which a color CRT display is connected as an 
option is shown in Fig. 1. In Fig. 1, a system bus 1 
is constituted by an address bus having a 16-bit 
width and a data bus having a 16-bit width. Trans- 
fer of address and data is performed between a 
CPU 3 and each memory through the system bus 
1. A video RAM (VRAM) 5 stores color display data 
displayed on a color CRT display 7 and a color 
LCD (liquid crystal display) 9. The VRAM 5 has a 
memory capacity of 64 K x 16 bits. The CPU 3 
writes the display data in the VRAM 5 through a 
CRT controller 11 in response to a write command. 
The CRT controller 11 outputs the display data 
read out from the VRAM 5 to a display controller 
15 and a display data generator (DAC) 17 through 
a display data bus 13 having a 8-bit width. The 
display data generator 17 converts the display data 
output from the CRT controller 1 1 into R, G, and B 
display data to output them to the color CRT dis- 
play 7. A CRT pallet 19 and a digital/analog con- 
verter (not shown) are incorporated in the DAC 17. 
The color CRT display 7 is a display which can 
perform multi-color (256 colors of 256 K (= 
262,144) colors) display at a high resolution (720 x 
480 dots). The color CRT display 7 is synchronized 
with a horizontal sync signal (HSYNC) output from 
the CRT controller 11 and a vertical sync signal 
(VSYNC) 21 to display 18-bit RGB color display 
data from the analog output port of the DAC 17. 
The CRT pallet 19 converts the display data output 
from the CRT controller 11 in designated colors. 
The display data converted by the CRT pallet 19 m 
the designated colors is converted into R, G, and B 
analog display data by the DAC 17 to be output to 
the CRT display 7. The CRT display 7 displays a 
color image on the basis of the colors designated 
by the CRT pallet 19. The display controller (DC) 
15 is constituted by a gate array on which various 
functional circuits for controlling the display of the 
color LCD 9 and a bus interface function of trans- 
ferring various display control data between the 
CPU 3 and the display control! r 15 through the 
system bus 1 are mounted. In the arrangement 
shown in Fig. 1, when the pallet data from the CRT 
pall t 1 9 is updated, an arithmetic and logic section 
23 calculates a gray-scale param ter having 39 
gray scale levels from the data in accordance with 
a oredetermined arithmetic exor ssion. In addition. 



the arrangement includes a conversion table 25 for 
converting the 39-gray-scale parameter output from 
the arithmetic and logic section 23 into data having 
16 gray scale levels and an LCD pallet 27 in which 
s the gray-scale data generated from the conversion 
table 25 is set. The LCD pallet 27 converts the 
display data output from the CRT controller 11 
through the display data bus 13 into 4-bit R, G, B, 
and I data through the arithmetic and logic section 
io 23 and conversion table 25 in the DC 15. The 
detailed description of the operation of the 
arithmetic and logic section 23 and conversion 
table 25 is disclosed in U.S. Serial No. 406,066 
filed by the same assignee as that of the present 
f5 invention. At this time, the LCD pallet 27 is updated 
in accordance with updating of the CRT pallet 19. 
The color LCD 9 is a color display capable of 
performing 16-color display. The color LCD 9 is 
synchronized with HSYNC and VSYNC signals 21 
20 output from the CRT controller 1 1 to output 4-bit R, 
G, B, and I color display data from the digital port 
of the DC 15. A data bus 29 is a 16-bit bus for 
transferring various data including update pallet 
data between the system bus 1 and the DC 15. A 
2S data bus 31 is a bus used for writing color designa- 
tion data on the CRT pallet 19 in the DAC 17. Each 
of address buses 33 and 35 is constituted by a bus 
having a 16-bit width. An address value from the 
CPU is input to the DC 1 5 and the CRT controller 
30 11. The internal bus 37 is a bidirectional bus which 
transfers write data to the VRAM 5 and its address 
value between the DC 15 and the CRT controller 
11. An address value designated by the CPU 3 
through an address bus 39 having an 8-bit width is 
35 designated to the VRAM 5 by the CRT controller 
11, and the CRT controller 11 reads out display 
data from VRAM 5 at a read timing. 

The CRT display data sent from the CRT con- 
troller 11 to the DAC 17 is converted into 4-bit R f 
40 G, B, and 1 color data using the LCD pallet 27 of 
the DC 15. For this reason, the number of colors 
displayed on the color LCD 9 is limited to the 
number of gray scales of the LCD pallet 27. There- 
fore, when an application program made for, e.g., a 
45 color CRT is executed using the color LCD, it is 
desired that the designated 256 colors or less are 
further faithfully reproduced by the color LCD. 

It is an object of the present invention to pro- 
vide a color LCD display control system for gen- 
so erating intermediate gray scales by a frame rate 
control method and displaying display data set in a 
CRT pallet on a color LCD. 

It is another object of the present invention to 
provide a color LCD display control system for 
55 g nerating intermediate gray scales by a dither 
method and displaying display data set in a CRT 
oallet on a color LCD. 
2 u j S s tj|| another object of the present invention 
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to provide a color LCD display control system 
which has a function of generating intermediate 
gray scales by a frame rate control method and a 
dither method and can select any one of these 
methods. 

It is still another object of the present invention 
to provide a color LCD display control system 
having a function of generating intermediate gray 
scales by any one of a frame rate controi method 
and a dither method and a function of controlling a 
switching operation between 512 colors generated 
using base gray scales {R, G, and B signals each 
having 8 gray scale levels) and 185,193 colors 
generated using the intermediate gray scales. 

According to the first aspect of the present 
invention, a color panel display control system 
comprises a color panel display device having a 
predetermined number of gray scale levels; a CRT 
controller for outputtlng display data and a display 
timing signal; and color panel display control 
means for receiving the display data from the CRT 
controller, displaying dots in an original display 
gray scale of the color panel display device on one 
scanning frame, changing display gray scales of 
the dots every scanning frame to represent inter- 
mediate gray scales of the predetermined number 
of gray scale levels for each plurality of scanning 
frames, thereby displaying the display data on the 
color panel display device. 

According to the second aspect of the present 
invention, a color panel display control system 
comprises: a color panel display device having a 
predetermined gray scale; a CRT controller for 
outputting display data and a display timing signal; 
and color panel display control means for receiving 
the display data from said CRT controller, dividing 
a frame into a predetermined number of matrices, 
and changing a display gray scale constituted by 
dots on the matrices to represent intermediate gray 
scales of the predetermined gray scale in units of 
matrices, thereby displaying the display data on 
said color panel display device. 

According to the third aspect of the present 
invention, there is provided a color panel display 
control system which comprises: a color panel dis- 
play device having a predetermined number of 
gray scale levels; a CRT controller for outputting 
display data and a display timing signal; color 
panel display control means having a first display 
control function of receiving the display data from 
the CRT controller, displaying dots in an original 
gray scale of the color pane! display device on one 
scanning frame, and changing display gray scales 
of the dots every scanning frame to represent 
intermediate gray scales of the predetermined dis- 
play gray scale for each plurality of scanning 
frames, ther by displaying the display data on the 
color panel display device, and a second display 



control function of receiving the display data from 
the CRT controller, dividing a frame into a pre- 
determined number of matrices, and changing a 
display gray scale of dots on the matrices to repre- 
5 sent intermediate gray scales of the predetermined 
gray scale in units of matrices, thereby displaying 
the display data on the color panel display device; 
and means for selecting one of the first display 
control function and the second display controi 

io function of the color panel display control means. 

According to the fourth aspect of the present 
invention, there is provided a color panel display 
controi system comprises: a color panel display 
device having a predetermined gray scale; a CRT 

J5 controller for outputting display data and a display 
timing signal; and color panel display control 
means having a first display control function of 
receiving the display data from the CRT controller, 
displaying dots in an original display gray scale of 

20 the color panel display device in one scanning 
frame, changing display gray scales of the dots 
every scanning frame, and representing intermedi- 
ate gray scales of the predetermined display gray 
scale for each plurality of scanning frames, thereby 

25 displaying the display data on the color panel dis- 
play device, and a second display control function 
of receiving the display data from the CRT control- 
ler, dividing a frame into a predetermined number 
of matrices, and changing display gray scales of 

oo the dots on the matrices to represent intermediate 
gray scales of the predetermined gray scale in 
units of matrices, thereby displaying the display 
data on the color panel display device, first gen- 
erating means for generating a first number of 

35 display color data by the first number of predeter- 
mined gray scales, second generating means for 
generating a second number of display color data 
using the first display control function or the sec- 
ond display control function, and switching means 

40 for performing a switching operation between the 
first and second generating means. 

According to the fifth aspect of the present 
invention, there is provided the color panel display 
control means including means for scanning a 

45 scanning frame odd-numbered times. 

According to the present invention, display 
data output from a display controller is divided in 
units of scanning frames of a display section, or a 
display frame is divided in a matrix form so as to 

so control a display gray scale in units of dots con- 
stituting the matrix, thereby generating intermediate 
gray scales. As a result, display colors in number 
larger than that of the original display colors can be 
displayed. Therefore, since color data designated 

55 by an application program made for a color CRT 
can be displayed on a color LCD using the inter- 
mediate gray scales, color display can be faithfully 
performed by the color LCD, In this case, since the 
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intermediate gray scales can be generated by a 
frame rate control method and a dither method, 
flexibility of the intermediate gray scales can be 
Improved, In addition, 512 colors generated using a 
base gray scale and 185,193 colors generated us- 
ing the intermediate gray scales can be arbitrarily 
switched or can be automatically switched in accor- 
dance with the application program, thereby provid- 
ing a highly flexible color LCD display control sys- 
tem. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a block diagram showing a system 
arrangement of a conventional color liquid cry- 
stal display control apparatus; 
Figs. 2A and 2B are block diagrams showing a 
whole computer system to which the present 
invention is applied; 

Fig. 3 is a block diagram showing a color liquid 
crystal display control system according to the 
first embodiment of the present invention; 
Fig. 4 is an enlarged view showing a display 
frame obtained by dividing a frame of the color 
LCD of the first embodiment into a matrix form; 
Fig. 5 shows matrix patterns, each having four 
dots, for explaining a frame rate control method 
for generating the intermediate gray scales in 
the first embodiment; 

Fig. 6 shows matrix patterns, each constituted 
by four dots, for explaining a dither method for 
generating the intermediate gray scales in the 
first embodiment; 

Fig. 7 is a correspondence table wherein display 
data having 64 gray scale levels of a color CRT 
are converted into display data having 57 gray 
scale levels of a color LCD; 
Fig. 8 is a detailed block diagram showing the 
panel display controller 67 shown in Fig. 3; 
Fig. 9 is a view for explaining a corresponding 
relationship between pattern addresses gener- 
ated in Fig. 8 and dots constituting a matrix; 
Fig. 10 is a view for explaining a corresponding 
relationship between selection data generated in 
Fig. 8, a base gray scale, and the next gray 
scale; 

Fig. 1 1 is a view for explaining a corresponding 
relationship between patterns and intermediate 
gray scales when the patterns are changed in 
units of 4 frames in a frame rate control method; 
Fig. 12 is a tab! for explaining a corresponding 
relationship b tween mode s tting signals and 
display modes; 

Figs. 13A through 13C are graphs for explaining 
a corresponding relationship b tween gray 
scales and common voltages; 
Fig. 14 is a graph showing a common voltage 



applied to a color LCD in a case wherein each 
of intermediate gray scales is represented by 2 
frames; 

Fig. 15 is a graph showing a common voltage 
5 applied to a color LCD in a case wherein each 
of intermediate gray scales is represented by 3 
frames according to another embodiment of the 
present invention; and 

Fig. 16 is a view for explaining a corresponding 
/o relationship between intermediate gray scales 
and patterns in a case wherein each of inter- 
mediate gray scales is represented by 3 frames 
according to the embodiment of Fig. 15. 
An embodiment of the present invention will be 
is described below with reference to Figs. 2A through 
11. 

Figs. 2A and 2B are block diagrams showing 
an embodiment of laptop personal computer sys- 
tem to which a color LCD display control system of 

20 the present invention is employed. In Figs. 2A and 
2B, an element 41 is a central processing unit 
(CPU) for controlling the whole system. An element 
43 is a data bus (D31 - D24, D23 - D16, D15 - D8, 
and D7 - DO) having a 32-bit width. An element 45 

25 Is a latch circuit (B-LAT) for latching data on the 
data bus 43. An element 47 is a memory bus 
(MD31 - MD24, MD23 - MD16, MD15 - MD8, and 
MD7 - MDO) having a 32-bit width. An element 49 
is a system bus constituted by address buses 

30 (SA19 - SAO and LA23 - LAI 7) respectively having 
16- and 7-bit widths and a data bus (SD15 - SD8 
and SD7 - SDO) 49a having a 16-bit width. An 
element 51 is a latch circuit (C-LAT) for latching 
address data on the address buses (SA19 - SAO 

35 and LA23 - LA17) and data on the data bus (SD15 
- SD8 and SD7 - SDO) 49a. Elements 53 and 55 
are internal RAMs each of which is constituted a 
dynamic random access memory (DRAM) 6 and 
backed up by a battery. An element 57 is a cache 

40 memory, and an element 59 is an internal ROM 
(BIOS-ROM) for storing basic input and output sys- 
tem programs (BIOS). This BIOS-ROM 59 stores 
CRT display timing data set in a CRT controller (to 
be described later). 

45 An element 61 is a timing controller (TC) for 

controlling timings of the whole system including 
memory control An element 63 is a bus controller 
(BUS-CNT) for controlling the system bus 49. An 
element 65 is a cache memory controller (CMC) for 

so controlling the cache memory 57. 

An element 67 is a panel display controller 
(CGSC-GA: Color Gray Scale Control-Gate Array) 
having a display control function of performing dis- 
play driving in a multi-gray- scale (64 gray scale 

55 levels), a display control function of performing 
display driving of a color LCD panel in 8 gray scale 
levels, i.e., a function of generating intermediate 
gray scales by a frame rate control method or a 

- 4 - 
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dither method and arbitrarily (for example, a user 
sets any one method during system setup) per- 
forming a switching operation between the frame 
rate control method and the dither method or auto- 
matically performing the switching operation in ac- 
cordance with a display frame mode. A color CRT 
display is arbitrarily connected to the panel display 
controller 67 through a connector C1 (not shown). 
An element 69 is a display system (BQS) for 
performing display driving of the color LCD. The 
color LCD is connected to the display system 69 
through a connector C2 (not shown). The color 
LCD is standard equipment and generaiiy held to 
be connected to the connector C2. 

Elements SL1 and SL2 are extension slots 
(SLOT-B and SLOT-C) capable of connecting var- 
ious extension boards including a display adapter 
board. 

Fig. 3 Is a detailed block diagram showing the 
panel display controller (CGSC-GA) 67 shown in 
Fig. 2A. 

In Fig. 3, for example, a PVGAJF manufactured 
by Paradise Corp., U.S.A. can be applied as the 
CRT controller 69. In the CRT controller 69, display 
data is read out from a VRAM 5 and output to a 
RAMDAC 71 through a display data bus 13 having 
an 8-bit width. The CRT coniroller 69 transfers 
various display control data between the CPU 41 
and the CRT controller 69 through a data bus 73. 
The RAMDAC 71 converts the display data output 
from the CRT controller 69 into RGB LCD display 
data having 18 bits and outputs the data to the 
panel controller 67 through a display data bus 75. 
The panel display controller (CGSOGA) 67 con- 
verts the display data into a gray scale. Only 
upper-three bits of each of the 6-bit R, G, and B 
display data output from the RAMDAC 71 are out- 
put to a color LCD 9 as significant display data. 
That is, a driver for converting the drain voltage of 
a TFT (Thin Film Transistor) color LCD into 8 levels 
is used in this embodiment. As a result, when no 
intermediate gray scale is generated, the 64 gray 
scale levels (262,144 colors) of the R, G, and B 
display data are inverted into 8 gray scale levels 
(512 colors). A mode setting signal 77 is con- 
stituted by an FRC frame count setting signal, a 
gray-scale display method setting signal, and the 
like. The FRC frame count setting signal is a set- 
ting signal for changing a gray-scale pattern in 
units of 4 or 8 frames. The gray-scale display 
method s tting signal is a signal for setting a gray- 
seal display in the dither method or the FRC 
method. In addition to the above mode setting 
signals, horizontal/vertical sync signals, a display 
enable signal, and a display base clock signal are 
sent from the CRT controller 69 to th panel dis- 
play controller 87. The color LCD 9 is a color 
display in which gray-scale control is perform d by 



the panel display controller 67 and 185193 colors 
can be displayed. 

With the above arrangement, a conventional 
CRT controller 11 and a conventional display con- 
5 troller 15 are constituted as a single device, and a 
device used for displaying only an intermediate 
gray scale is arranged. Therefore, the number of 
devices for controlling the display of the color LCD 
9 can be reduced, and gray-scaie display can be 

w easily controlled. 

Fig. 4 is an enlarged view showing a part of a 
display frame obtained by dividing the display 
frame of the color LCD 9 in a matrix form. Although 
one matrix consists of 4 dots in this embodiment, 

75 the present invention is not limited to this arrange- 
ment. The arrangement of the matrices is not only 
n x n, but n x m. 

Fig. 5 is a table showing correspondence be- 
tween intermediate gray scales and display pat- 

20 terns when pseudo intermediate gray scales are 
generated by the frame rate control method and 
the patterns are changed in units of 8 frames. In 
Fig. 5, a white dot represents a base gray scale, 
and a black dot represents the next gray scale of 

25 the base gray scale. Seven intermediate gray 
scales are produced as pseudo scales by mixing 
the next gray scale in the base gray scale. Note 
that a method of producing these patterns will be 
described later. 

30 Fig. 6 is a table showing correspondence be- 

tween intermediate gray scales and patterns when 
the seven intermediate gray scales are generated 
by the dither method, and the patterns are the 
same as the patterns of the frame 2 shown in Fig. 

35 5. The present invention is not limited to these 
patterns. In the dither method, unlike the frame rat 
control method, display gray scales are not 
changed every scanning frame of the color CRT 7. 
Note that a method of generation the patterns 

40 corresponding to the intermediate gray scales will 
be described later. 

Fig. 7 is a conversion table obtained when 
display data having 64 gray scale levels of the 
color CRT1 1 is inverted into a display data having 

45 57 gray scale level of a color LCD 1 3. Each of R. 
G, and B data output from a CRT controller is 
constituted by 6 bits, and each of the R, G, and B 
data has 64 gray scale levels. Each of R, G, and B 
data output to the color LCD is constituted by 3 

so bits, and each of the R, G, and B data has 8 base 
gray scale levels. In addition, in this embodiment, 
since 7 intermediate gray scale levels are gen- 
erated between the 8 base gray scales, the total 
number of gray scales is 8 + 7 x 7 = 57. There- 

55 fore, when the 64 gray scale levels output from th 
RAMDAC 71 ar convert d into 57 gray scale 
levels by the pan I display controWer 67, the con- 
version is performed according to the conversion 
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table shown in Fig. 7. 

Fig. 8 is a detailed block diagram showing the 
panel display controller shown in Rg. 3. 

The reference symbols used in Rg. 8 will be 
described as follows. 5 



RHL: 


Ref High data Latch 




RLL: 


Red Low data Latch 




RBRG: 


Red Base arav-scal© Ratio data 
Generator 




RNGG: 


Red Next Grav-scale data Gener- 
ator 


70 


RBGG- 


ator 




RPSL 


Red Pattern SeLector 




RDSL: 


Red Data SeLector 


75 


DCOT: 


Dot COunter 




FCOT: 


Frame COunter 




IMOD: 


Initial MOde Detector 




RH: 


Red High data 




RL: 


Red Low data 


20 


RCAR: 


Red CARry 




RPA: 


Red Pattern Address 




RNG: 


Red Next Gray-scale 




RBG: 


Red Base Gray-scale 




DRH: 


Delayed Red High data 


25 


PA: 


Pattern Address 




RPSELD: 


Red Pattern SELect Data 





Although Rg. 8 is a block diagram wherein 
intermediate gray scale levels are produced for 
Red data, since the same block diagram as that for 30 
the Red data is used as block diagrams for Green 
and BJue data, only the block diagram for the Red 
data wilt be described below for descriptive conve- 
nience. 

In Rg. 8, a dot counter (DCOT) 81 inputs a 35 
CRT horizontal blanking period signal or a display 
enable signal (LP) output from the CRT controller 
69 and a CRT display fundamental clock signal 
(CKZ) to input a 2-bit pattern address signal (PA3 
and PAO). As shown in Rg. 9, one dot of four dots 40 
constituting one matrix is addressed by the 2-bit 
signal. In addition, a frame counter (FCOT) S3 
inputs a CRT vertical blanking period signal FP 
output from the CRT controller 69 to output a 3-bit 
pattern address signal (PA7, PA2, and PA1). That 45 
is, the 3-bit signal designates one of the 1/8 
through 8/8 frames shown in Fig. 5. For example, 
when the dot indicated by reference numeral 85 in 
Fig. 5 is selected, three bits of a signal output from 
the FCOT 83 are set to be "0", "0", and "1", and so 
two bits of a signal output from the DCOT 81 are 
set to be "0" and "1", respectively. The 2-bit 
signal from the DCOT 81 and the 3-bit signal from 
the FCOT 83 are input to a red pattern selector 
(RPSL) 85 through an AND gate 99. In addition, the 55 
RPSL 85 receives red pattern addresses RPA6 - 
RPA4 to output red pattern select data (RPSELD). 
This RPSELD is supplied to a r d data selector 



(RDSL) to be described later to be used for select- 
ing one of the RBG and RNG signals. 

A red high data latch (RHL) 89 latches upper 
three bits of 6-bit R data output from the RAM D AC 
71 shown in Fig. 3 to output 3-bit red high data 
(RH). A red low data fatch (RLL) 91 latches lower 
three bits of 6-bit R data output from the RAM D AC 
71 to output 3-bit red low data (RL). A red base 
gray-scale ratio data generator (RBRG) 93 per- 
forms a predetermined calculation on the basis of 
the RH and RL data, generates the pattern ad- 
dresses RPA6 - RPA4 depending on color data to 
output it to the RPSL 85 and generates a red carry 
(RCAR) signal to output it to a red next gray-scale 
data generator (RNGG) 95. in addition, an FRC 
frame count setting signal SL1 and a gray-scale 
display method setting signal SL2 are applied to 
the RNGG 95. The RNGG 95 selects a display 
mode from 512-color, 18-K-color, or 24-K-color dis- 
play modes by signals SL1 and SL2 
(correspondence between these signaJs and the 
display modes is to be described later). When the 
512-color dispJay is to be performed, the LCD 9 is 
driven in a base gray scale (8 gray scale levels). 
Therefore, a DRH signal is output to an RDSL 87. 
In other display modes, the RNG signal which is 
one of the two gray-scale data sent to the color 
LCD 9 is generated by the RH and RCAR signals, 
and a red base gray-scale data generator (RBGG) 
97 generates the red base gray-scale signal (RBG). 
Each of the RNG and RBG signals represents 0-7 
gray scale levels (since each of the R, G, and B 
data is represented by 3 bits in this embodiment, 
each of the RNG and RBG signals has 8 gray scale 
levels), and the number of gray scale levels of the 
RBG signal is smaller than those of the RNG signal 
by one. The RPA6 - RPA4 signal selects one gray 
scale from the 8 gray scale levels. That is, as 
described above, although a frame and a dot there- 
of are selected by a signal having 2 bits PA3 and 
PA0 and a signal having 3 bits PA7, PA2, and PA1 , 
since there are 8 gray scale levels constituted by a 
base gray scale and intermediate gray scales, the 
8 dots are located at the same position in the same 
frame (in Rg. 5. reference numerals 85, 97, 99, 
101, 103, 105, 107, and 109). One of the 8 gray 
scale levels is determined by the RPA6 - RPA4 
signal. When the 1-bit RPSELD signal output from 
the RPSL 85 is set to be "1 ", the RDSL 87 selects 
the RNG signal of a black dot, as shown in Fig. 10. 
When the RPSELD signal is set to be "0 H , the 
RDSL 87 outputs the RBG signal of a white dot. 
The RDSL 87 supplies th RNG or RBG signal to 
the color LCD 9 as a 3-bit R data (DR2 - DR0) on 
th basis of the sel ction signal RPSELD signal. 
When th DRH signal is a significant signal, the 
RDSL 87 supplies a signal of 8 base gray scale 
levels to the color LCD 9 as R data. Note that an 
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IMOD 111 generates an LCD horizontal blanking 
period signal, an LCD vertical blanking period sig- 
nal (DFP), and an LCD display base clock signal 
(DCK) from the LP signal, the CKZ signal, and EP 
signal. 

In the embodiment shown in Fig. 5, 7 patterns 
for generating intermediate gray scales in units of 8 
frames are changed by the frame rate control 
method. For example, since an 1/8 gray scale has 
8 frames and one matrix is constituted by 4 dots, 
the dot pattern of the 1/8 gray scale is arranged 
such that of all the 32 dots, the number of RNG 
signals, i.e., the number of four next gray scales is 
4 (4/32 = 1/8). Similarly, of the number of 32 dots, 
the 2/8 gray scale has 8 RNG signals (8/32 = 2/8). 
All the 32 dots are the RNG signals in the 8/8 gray 
scale, and the 8/8 gray scale is equal to the next 
gray scale. For example, when a base gray scale 
and the next gray scale are set to be "3" and "4", 
respectively, a frame rate between the base gray 
scale "3" and the gray scale "4" is controlled, and 
seven pseudo intermediate gray scales such as a 3 
+ 1/8 gray scale, a 3 + 2/8 gray scale, a 3 + 3/8 
gray scale, a 3 + 4/8 gray scale, a 3 + 5/8 gray 
scale, a 3 + 6/8 gray scale, and a 3 + 7/8 gray 
scale are produced. In this case, the color LCD is 
constituted by, e.g., a TFT (Thin Film Transistor), 
and voltages corresponding to 8 base gray scales 
can be applied to the color LCD, but a voltage 
corresponding to the 3 + 1/8 gray scale cannot be 
applied to the color LCD as described above. For 
this reason, when intermediate gray scales be- 
tween the base gray scales 3 and 4 are used, a 
voltage corresponding to the base gray scale 3 is 
applied to the color LCD, and a voltage corre- 
sponding to the base gray scale 4 is properly 
applied to the color LCD in the 8 frames to gen- 
erate a pseudo intermediate gray scale. 

An FRC frame count setting signal SL1 is input 
to the FCOT 83. When the SL1 signal is set to be 
"low level", 8 frames are selected. When the SL1 
signal is set to be "high level", a method of chang- 
ing patterns in units of 4 frames is selected as 
shown in Fig. 1. A gray-scale permission setting 
signal SL4 is input to the RNGG 95. The RNGG 95 
sets 512 colors when the SL4 is set to be "low 
level", and the RNGG 95 sets 185,193 colors when 
the SL4 is set to be "high level". When the 512 
colors are s t, the RNGG 95 outputs a DRH signal. 

In the dither method, a scanning frame is di- 
vided into a plurality of matrices, and a display 
gray scale is changed every dot in the matrices. 
That is, until a color display data for performing 
display on the frame is changed, the dot display 
pattern of the same matrix is continuously dis- 
played. As shown in Rg. 5, 3 intermediate gray 
scales can be represented by a matrix constituted 
by 4 dots. Since the three intermediate gray scales 



are generated between the 8 base gray scale lev- 
els, the number of gray scale levels of each of R, 
G, and B signals is 29. Therefore, the total number 
of display colors is 24,389. Although one matrix is 
5 constituted by 4 dots in this embodiment, the ma- 
trix may be constituted by an arbitrary number of 
dots to increase or decrease the total number of 
colors. When the dither method is selected, the slot 
SL2 is set to be "0" level. As a result, the AND 

w gate 99 is closed, and a pattern address signal for 
selecting a frame is not supplied to the RPSL 85. 
Therefore, a specific frame is fixedly used. 

When the frame rate control method is se- 
lected, the gray-scale display setting signal SL2 is 

15 set to be "high level". When the dither method is 
selected, the signal SL2 is set to be "low level". 

When the frame rate control method is se- 
lected, since each of the R, G, and B signals has 
57 gray scale levels, 185,193 colors can be dis- 

20 played. 

In this embodiment, gray-scale information of 
the R, G, and B display data is given in units of 3 
bits. Therefore, a common voltage corresponding 
to 8 gray scale levels of each of the R, G, and B 

25 signals is applied to the TFT color LCD, and dis- 
play of 8x8x8 = 512 colors can be performed. 

The selection of the frame rate control method 
or the dither method and the selection of the 512- 
color display or the 185,193-color display are per- 

30 formed to be described below. For example, a 
menu used for selection of a user can be displayed 
in setup precess accompanying with an ON opera- 
tion of a computer system. In addition, in this 
embodiment, when VGA (Video Graphics Array) 

35 display having various display modes is to be 
performed, if a graphics display mode in which th 
maximum number of simultaneous display colors is 
256 K and the number of vertical and horizontal 
dots is 320 x 200, either the frame rate control 

40 method or the dither method can be used. When a 
display mode of other display modes requiring only 
16 colors (or less) of the maximum 256 K simulta- 
neous display colors, it is determined that a display 
content is slightly influenced by the gray scale, and 

45 data can be satisfactorily represented by the 512- 
coior display mode. For this reason, a color panel 
is automatically switched to an original display 
mode of the control panel. The above automatic 
control is performed as follows. For example, a 

so parameter set from an application program in a 
register of the CRT controller 69 is detected, and a 
required mode setting signal is output to the panel 
display controller 67. 

In this case, a correspondence between the 

55 mode setting signal supplied to the panel display 
controll r 67 and display modes is shown in Fig. 
12. As shown in Fig. 12, when the FRC frame 
count s tting signal SL1 and the gray-scale display 

7 - 
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mode setting signal SL2 are set to be "0", the 
controller 67 performs display driving of the color 
LCD 9 in 512 colors. When the FRC frame count 
setting signal SL1 and the gray-scale display mode 
setting signal SL2 are set to be "0" and "1", 
r spectively, the dither method is selected, and 
display driving of the LCD 9 is performed in 24 K 
colors. When the signals SL1 and SL2 are set to 
be "1 " and "0", respectively, the number of frames 
is set to be 8 by the FRC method, and the display 
driving of the LCD 9 is performed in 180 K colors. 
When both the signals SL1 and SL2 are set to be 
"1", the FRC method is selected, the number of 
frames is set to be 4, and the display driving of the 
LCD 9 is performed in 1 80 K colors. 

When the TFT color LCD is used, the color 
LCD is driven while the polarities of a common 
voltage are alternately inverted not to remain a DC 
component. In this case, when the LCD is driven 
by a common voltage corresponding to 8 base 
gray scale levels, an electrical sum of the common 
voltage components is set to be 0, and no problem 
is posed. When intermediate gray scales are dis- 
played, as described above, the LCD is driven by a 
voltage corresponding to the next gray scale of the 
base gray scale with respect to a dot. In this case, 
when a pattern is changed in units of even-num- 
bered frames, a DC component is applied to a 
liquid crystal to degrade it. In general, it is known 
that distortion occurs in a liquid crystal when a DC 
component is applied to a liquid crystal. For this 
reason, polarities of the voltage applied to the 
liquid crystal are inverted every predetermined pe- 
riod. Figs. 13A through 13C show voltage compo- 
nents when viewed in units of dots. In Figs. 13A 
through 13C, the polarities of the voltages are 
inverted every one frame. Fig. 13A shows a gray 
scale 7 (white), Fig. 13B shows a gray scale 0 
(black), and Fig. 13C shows a gray scale 3 
(intermediate color). In Figs. 13A through 13C, 
since the gray scales are not periodically changed, 
a sum of the common electrode voltages is set to 
be 0 (if positive and negative voltages are repre- 
sented by symbols a and 0, respectively, then a + 
fi = 0). 

As shown in Fig. 14, when a gray scale is 
changed every even-numbered frames (e.g., 2 
frames), a common voltage corresponding to the 
gray scale 2 and a common voltage corresponding 
to the gray scale 3 alternately appear. Therefore, a 
sum of the common electrode voltages is not set to 
be 0, and a DC component remains. 

As shown in Fig. 15, it can be considered that 
the gray scales are changed every odd-numbered 
fram s (e.g., 3 fram s). That is, common voltages 
corresponding to the gray scales 2 and having 
opposite polarities are appli d to the LCDs in two 
out of th 3 frames, and the common voltage of the 



gray scale 3 is applied to the LCD in the remaining 
frame. Since the common voltage of the gray scale 
3 having a polarity opposite to that of the previous 
cycle is applied to the LCD in the next cycle, a 

5 sum of the voltages becomes 0, and no DC com- 
ponent is applied to a liquid crystal. When the 3 
frames are used, since one next gray scale is 
assigned to 12 dots, 12 intermediate gray scale 
levels are generated. In this case, patterns cor- 

ro responding to the intermediate gray scale levels 
are shown in Fig. 16. 

Claims 

75 1. A color panel display control system including 
a color panel display device (9) having a pre- 
determined gray scale and a CRT controller 
(69) for outputting display data and a display 
timing signal, characterized by comprising: 

20 color panel display control means (67) for 

representing intermediate gray scales of the 
predetermined gray scale by changing a gray 
scale of an arbitrary dot on a scanning frame 
of said color panel to display the display data 

25 on said color panel display device. 

2. A system according to claim 1, characterized 
in that said color panel display means (67) 
receives the display data from said CRT con- 

30 troller, changes a display gray scale of the 

arbitrary dot every scanning frame to represent 
intermediate gray scales of the predetermined 
gray scale for each plurality of scanning 
frames, thereby displaying the display data on 

35 said color panel display device (Figs. 5 and 8). 

3. A system according to claim 1, characterized 
in that said color panel display control means 
receives the display data from said CRT con- 

40 troller, divides a frame into a predetermined 

number of matrices, and changes a display 
gray scale constituted by dots on the matrices 
to represent intermediate gray scales of the 
predetermined gray scale in units of matrices, 

45 thereby displaying the display data on said 

color panel display device (Figs, 6 and 8). 

4. A system according to claim 1, characterized 
in that said color panel display control means 

so includes a first display control function of re- 

ceiving the display data from said CRT control- 
ler, changing a display gray scale of an ar- 
bitrary dot every scanning frame, and repre- 
senting intermediate gray scales of the pre- 
ss determined gray scale for each plurality of 
scanning fram s to display th display data on 
said color panel display d vice (Figs. 5 and 8), 
and a second display control function of re- 
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ceiving the display data from said CRT control- 
ler, dividing a frame into predetermined num- 
ber of matrices, and changing the display gray 
scale constituted by dots on the matrices to 
represent intermediate gray scales of the pre- 5 
determined gray scale in units of matrices, 
thereby displaying the display data on said 
color panel display device (Figs. 6 and 8); and 
said color panel display means further in- 
cludes means for selecting one of the first 10 
display control function and the second display 
control function of said color panel display 
means (SL1, SL2; Fig. 12). 

5. A system according to claim 4. characterized is 
in that said selecting means includes means 

for arbitrarily selecting one of the first display 
control function and the second display control 
function. 

20 

6. A system according to claim 4, characterized 
in that said selecting means includes means 
for automatically selecting one of the first dis- 
play control function and the second display 
control function in accordance with a display 25 
frame mode. 

7. A color panel display control system including 
a color panel display device having a first gray 
scale and a CRT controller for outputting dis- 30 
play data and a display timing signal, char- 
acterized by comprising: 

color panel display control means having a 
first display control function (Fig. 5) of receiv- 
ing the display data from said CRT controller. as 
changing a display gray scale of an arbitrary 
dot every scanning frame, and representing 
intermediate gray scales of the predetermined 
display gray scale for each plurality of scan- 
ning frames, thereby displaying the display 40 
data from said color panel display device, and 
a second display control function (Fig. 6) of 
receiving the display data from said CRT con- 
troller, dividing a frame into a predetermined 
number of matrices, and changing a display 45 
gray scale constituted by dots on the matrices 
to represent intermediate gray scales of the 
predetermined gray scale in units of matrices, 
thereby displaying the display data on said 
color panel display device, first generating 50 
means (81, 83, 95, 87) for generating first 
display color data in the predetermined gray 
scale, second generating means (81, 83, 93, 
85, 95. 97, 87) for generating second display 
color data using one of the first display control 55 
function and the second display control func- 
tion, and switching means (SL1, SL2; Fig. 12) 
for performing a switching operation between 



said first and second generating means. 

8. A system according to claim 7, characterized 
in that said switching means includes means 
for arbitrary selecting one of said first generat- 
ing means and said second generating means. 

9. A system according to claim 7, characterized 
in that said switching means includes means 
for automatically selecting one of said first 
generating means and second generating 
means in accordance with a display frame 
mode. 

10. A system according to any one of claims 1 
through 9, characterized in that said color pan- 
el display control means includes means for 
scanning a scanning frame odd-numbered 
times. 
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